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ABSTRACT 

The design, development, and fabrication of Cryogenic-Solid 
Cooler Aerojet Hodel K6, a s  w e l l  as subsequent testing and experi- 

mentation, are reported herein. 

AEROJET-GE;NERAL CORPORATION e H. Deich, Hanager 
Systems Engineiring 
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I. INTRODUCTION 

The purpose of this program was to  design, fabricate,  t e s t ,  and 

del iver  a so l id  cryogenic-system sui table  fo r  use i n  performing infrared 

detector cooling experiments. A study w a s  performed i n i t i a l l y  t o  es tabl iah 

the design c r i t e r i a  fo r  a system capable of cooling a 0.1-watt detector 

heat load to  n0K for  1 y e a .  

R e s u l t s  of subsequent t e s t s  with the fabricated cooler showed tha t  

approximately s i x  months of l i f e  and a temperature of 80' t o  85OK would be 

commensurable with the s i z e  of the  cooler and the  heat loading properties 

of the materials used, 

I The resul tant  cryogenic-solid cooler, designated Aerojet Model K6 

(Figure 11, consists of a coolant container, f i l l  port ,  vent port ,  heat trans- 

fer rod between the detector and the coolant, temperature control system, and 

temperature sensing devices, A f lexible  detector mount and safe ty  valve were 

modifications effected a f t e r  completion of the system as w a s  the portable 

cooler car t  (Figure 21, 

0 

0 The cryogenic-solid cooling sylstem has attained temperatures of 79 K 

and 65OK using so l id i f i ed  methane and nitrogen respectively. 

were held within - 0.5OK for  extended periods. 

data,  the operating l i f e  of the system was determined t o  be 6.9 months w i c f i  a 

These temperatures 
+ Through the use of experimental 

t o t a l  system heat load of .535 watts and so l id  methane as the coolant. 

The standby charac te r i s t ics  of the system a r e  quite  excellent, When 

using so l id  N2 a s  a coolant, t h e  temperature of the heat t ransfer  rod merely 

increased from W O K  t o  5 l 0 K  over an 8-hr period with the pumping valve closed. 

Page 1 
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I f  . THEXIRETICAL CONSIDEZUUIONS 

I A. HEAT-IDAD CALCULATIONS AND CORRESPONDING HETHANE REQUIREME3TS 

It was intended that the  cryogenic-solid cooler would operate with 

eo l id i f ied  methane (Figure 3) at a temperature of 77OK 2 0.5'K for l ' y e a r  with- 

out refilling. Accordingly, the heat load t o  be contributed by each diecrete  

area was calculated, except for tha t  of the detector which was st ipulated as 

0.1 watt in the  contract. 

t o t a l  heat load w a e  then calculated as the sum ofthe following individual 

"he amount of methane required for dissipat ing the 

loads . 
1. Hethane Required for fixed Detector-Heat-Load 

The amount of Methane required for 1-year operation considering 

only the  0.1 w a t t  detector heat load wae calculated am 
0 

where Wc - weight of coolant, lb .  

Q P heat load, watts. 

t = time i n  hours (1 year = 8760 hr). 

H = heat of eublimation, cal/lb. 

C = a comtant ,  860.4 cal/hr. 
b 

Therefore, the  volume of methane i n  l b  (Hs = 61,644 cal/lb) is 

. 2. Methane Required for Detector Mount 

"he heat load contributed by the  detector mounting assembly, as 

determined by i t e  design, was not expected t o  exceed 0.05 watt. 

methane required for this load would be: 

The mount of 

Wc = (122.3)(0.05) = 6.12 lb 
Page 2 
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0 

3* Hethane Required for  Coolant Container Supports 

The heat load introduced by the  coolant container supports w a 8  

based on the anticipated use of Dacron corde having an 8 x loo5 sq. in. cross- 

section (0.01 

where Q = 

k =  

A =  

A =  
A T  = 

For Dacron, k 

Thus, Q .I 

If there  were 

lo-') = 2.6 x 

in. dia) and being 2 in. long: 

(2) k A A T  Q =  

heat load, watts 

thermal conductivity 

cross sect ional  area 

length of corde, in.  

temperature difference between ends of corde. 

t o  be 24 support corde, the  t o t a l  heat load would be (24)(1.07 x 

loo4 -tte. 

Thue, the quantity of methane calculated fo r  this heat load is: 
2 

(122.3)(2.6 x loo4) 1 0,0318 lb 

4, Hethane Required for  Vent Port 

It vae assumed that the vent port would consist  of a 0.75-in. 

d i a  and 40&1 long coiled tube of etainlees steel  with a wall thickness of 

0,010 in. Again, heat flow Equation (2) is applied after the  cross sect ional  

Page 3 
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area is determined aet  

A = 0.7854 (Do2 - Di2) = (0m7854)(0.n2 = 0.752) = 2.4 x ld2 i n  2 , 

Since 

mu, 

wat t-in. 

in2 OK 
k = 0.203 

5. Methane Required for F i l l  Port 

The f i l l  port does not have t o  be ae large as the vent port 

since the coolant is pumped i n t o  the  container under pressure. Therefore, 

assuming a 0.25-in. d ia  e ta in less  s t ee l  f i l l -por t  having a wall thickness of 

0.006 in. and a length of 40 in., the same equations used for  the vent port 

apply: 

0 A P (0.7854)(0.2622 - 0.25 2 = 6.9 x loo3 in.2 
I 

Therefore, Q = (1.132)(6.9 x loo3) = 7.8 x w a t t s  

and (12243)(7.8 x loo3) = 0.954 l b  wc = 

6 m  Methane Required for Insulation Heat Load 

Determining the heat leak through the insulation required & 
assumption of the coolant container size and ineulation thickness. Since the 

outer  diameter am w e l l  as the  external length of the cooler were to  be 18 in., 

a convenient coolant container size w a s  thought t o  be 14 in. i n  diameter and 

length. Based on previous experience and assuming the use of methane, the 

capacity of a coolant container of this s i z e  would be adequate for the present 

application and would include a compensating factor  for detector mount heat load. 

The heat leak into t h i s  14-in. L = D container is expressed by the equation: 

Page 4 
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a + 2s Q =  

DC I 
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(3) 

where k = the effect ive thermal conductivity of the insulat ion 

AT = the temperature difference 

Dc = the diameter of t h e  coolant container 

8 = the insulation thickness 

c( = a correction factor.  

The value of C( can vary from 1 t o  6, depending on the  insulat ion 

technique employed. 

during the  development of a number o f  cooling systems, 

made herein, the value of a 
Aerojet insulation is 2 x loo6 

i e  223OK f o r  the calculation. 

This value is based on experimental results obeerved 

For the calculation 

is assumed to  be 4, The value of k of the 

wat t - in  . , Do i e  14 in., 8 = 1 in., and a T 
in2-OK 

0 

Thus, the heat leak is 

+ 4 9  2 (2 x 1 0 3 ( 2 2 3 )  16 
Q =  In 1.14 

Therefore, the amount of coolant required would be: 

7. Methane Required for Total System 

The t o t a l  amount of methane +n pounds fo r  the assumed system 

is calculated by adding the methaae requirement imposed by each component l i s t e d  

Page 5 . 
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I 

COMPONMT 

a. Detector 
b. Detector Mount 
C. Supports 
d. Vent Port 
e. F i l l  Port 
f. 'Insulation 

Report No, 2948 

12 33 
6.12 
0.03 
3.33 
0*95 
14.68 - 

TKITAL 37.44 

The M.76-lb. methane capacity of the 14  in .  L = D cyl indrical  coolant 

container is w e l l  within the capacity calculated (37.44 lb) t o  a f fec t  the 

t o t a l  heat load anticipated. This 14-in, dia by lkin. long coolant container 

wae considered adequate f o r  enclosing within the  18-in. dia by 1 8 - i ~ ~  high 

outer container or iginal ly  envieioned. 

B. CALCULATED HEAT UlAD AND OPERATIONAL LIFE WITH OTHER THAN METHANE 

Although coola&s other than methane can be used with the cooler 

designed on t h i s  contract, the amount would always have t o  be l imited t o  less 

than 45 l b  by the strength of the coolant support membere. 
. 

Additional or 

stronger eupporte which would permit heavier coolant charges would incur 

corresponding increases i n  heat loads. 

The use of other coolants ( so l id i f ied  nitrogen at W O K ,  eol id i f ied  

hydrogen at 12.5OK, and l iqu id  helium at  6°K) wuld  also a f fec t  the or ig ina l  

heat loads calculated on the  bas i s  of the character ie t ics  of methane. This 

variat ion would be calculated as the r a t i o  of the difference between the ambient 

and coolant temperatures, 

ambient and coolant temperatures, T methane, of methane. The 0.1-watt 

T coolant, of coolants other than methane and the 

detector  heat load s t ipulated on th i s  contract would, of couree, remain fixed 

regardlase of the  coolant used. Using the heat loads calculated f o r  the methane 

Page 6 . . .  
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system, appropriate corrections a r e  made i n  the eubsequent sectione for  the  u8e 

of so l id i f ied  nitrogen, so l id i f i ed  hydrogen, so l id i f i ed  neon, and l iqu id  helium. 

COMPONENT HEAT LOAD (WATTS) 

1. Support 0.1 10-3 

2. Vent Port 27.20 10-3 

3. F i l l  Port 7.80 10-3 

4. I n a d a t i o n  120.00 10-3 

5. Detector Mount p.00 10-3 

205.01 10-3 

1. Heat Load and Life With Sol idif ied Nitrogen ( 6 5 O )  

Aesuming the m e  of so l id i f i ed  nitrogen (Figure 4) at  a 

0 temperature of 65OK, a temperature difference r a t i o  of 235.K fo r  nitrogen t o  

a = 1.054, such that the heat load for  a nitrogen 223OK fo r  methane exists, 

loaded eyetem would be: 
233 

0 

= (205.01 x 10'3)(1.054) = 216.08 x loo3 watts 

100 x 10-3 watts 

316.08 x loo3 watts 
'bet  ec t o r  

%rotel 
b e d  on this heat load calculation, the operational l i f e  for  a cooler system 

with a full charge (79 l b )  of so l id i f ied  nitrogen would.be 

*C ' 8  t = -  
Q B  (4) 

where t = time, daye 

Wc = 

He = 

weight of coolant, l b  

the heat of sublimation of the coolant, cal/lb o r  heat of 

vaporization of l iquid helium 

i 

Q = the  heat load, watts \ 

tal B = a constant, 20,860 watt-day Pa@? 7 
I 
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- 279.8 day8 or (79) ( 23,353 1 
(0.31608)(20860 1 -  t =  

If only a b l b  charge of nitrogen were t o  be u e d  (the weight limit of the 

coolant container eupports) the l i f e  would be: 

(40) = 4.7 m n t b .  t40 = 79 

2. Heat b a d  and Ufe With Solidified HydroKen (15OK) 

"he coolant container ha8 a capacity of 6-lb s o l i d  hydrogen 

a = 1-28, reeulting i n  a 
223 The temperature correction factor  i e  (Figure 5). 

system heat load t o t a l  of: 

= (205.01 x 10-~)(1.28) = 262.41 x 10°3.watte 

= 100 x 10-3 watts 
QH 

%et ector 
362.41 X loo3 Watt6 QTotill 

t ' (  

The operating l i f e  would be; 

= 44 days or ( 6 )  (55388) 
0.36241)(20860) 

1.5 months. t ' y j  44 

3. Heat Load and Life With Solidified Neon (20°K) 

Calculating on the basis of a b l b  charge of sol id  neon, 

the  correction faetor of - 280 = 1.26 would apply resul t ing i n  a t o t a l  heat 

lord of: 
223 

= 

QDetector 

sot, 

(205.01 x 10%1.26) = 2 9 . 3  x 10-3 watts 

= 100 x 10.3 watts 

358.3 X ro" Watt6 

. 
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I1 . 

The 

or 

use 

Theoretical Coneideratione, B (cont . 

operating l i f e  would be: 

Report No. 2948 

4. Heat Load and Life With Liquid  Helium (6OK) 

To obtain temperatures below 12'K, it would be necessary to 

l iquid helium (Figure 7 )  a8 a coolant. H e l i u m  must be used i n  l iqu id  form 

since it i e r  impossible to  so l id i fy  by reducing the vapor pressure over it. 

The coolant container has a 2100 CU. in. l iqu id  capacity which represents 

9.48 lb. The temperature conversion factor  of = 1.32, 

th-9 

0 
% = (205.01 x lOo3)(1.32) = 270.6 x watts 

%et ector = 100 10-3 &tts 

QTotal = 370.6 x watts 

and t h e  operating l i f e  would be 

c. TEXPEBATUBE CONTROL TECHNIQUES 

Originally it was intended that this cryogenic-solid cooling 

system should a t t a i n  a temperature of 7 7 O K  2 0.5OK is desired. The temperature 

obtained with a par t icu lar  coolant depends d i rec t ly  on t h e  pressure maintained 

over t he  coolant. 

Sol id i f ied  methane. 

Figure 3 ie plot  of  temperature vs vapor pressure over 

Thia curve i l l u e t r a t e s  that in order t o  achieve 77OK,  t he  

pressure over the  

ture, using eol id  

so l id  must be held between 8 t o  10 Torr. 

hydrogen aa a coolant, the vapor preeeure versus temperature 

For a lower tempera- 
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curve is shown in Figure 5. In t h i s  case, t o  hold a temperature of U ° K ,  

the  pressure over the so l id  must be between 21 t o  39 Torr. 

Three temperature control techniques were investigated i n  an 

e f fo r t  t o  determine the met s u i t a b l e  for the preeent application. These 

techniques included (1) a temperature-actuated pressure control .valve; (2). 

a pressure contactor; and ( 3 )  a variable or i f ice .  The first method can be 

designed (IS part of the  cooler and requires no external powerr The second 

method ie  external t o  the cooler and requires a emall eource of power t o  

operate a solenoid valve. The thi rd method is a lso  external but in thie caee 

it require6 no power. The following section6 contain description and 

theore t ica l  evaluation of each eystem. 

1. Temperature-Actuated Pressure Control Valve 

A l l  temperature control techniquee en ta i l  monitoring and 

controll ing the pressure over the sol id  coolant. 

actuated preesure control valve operatee on the pr inciple  of a gas thermo- 

This par t icu lar  temperature- 

meter. 

chamber, and a r e l i e f  valve. 

The device (Figure 8) consists of a temperature-sensing bulb, a bellows 

The bulb is located as close 88 poesible t o  the 

detector and measuree its temperature. The temperature changes at the detector 

cause a uhange i n  the pressure of helium gas i n  the eensing bulb. This pressure 

change is transported through the gas t o  the bellowe chamber causing it t o  

expand o r  contract, thus opening or closing the r e l i e f  valve. The r e l i e f  

valve is located i n  the vent (pumping) port of the cooler. 

t he  eo l id i f ied  coolant is raised or lowered, thereby cawing an increase or 

The pressure over 

decrease i n  the coolant temperature. Changee in coolant temperature are 

Page 10 
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reflected by changes in the detector temperature; the changes being in the 

same direction, i.e., lower preesures cause lower temperatures. With t h i s  

device, the detector temperature is measured and controlled without regard 

for the equilibrium temperature of the 8 O l i . d  coolant. 

One disadvantage of t h i s  device is that the precision of 

temperature control depends on the temperature to  be controlled. 

sensing gas pressure, which is governed by the strength and f l ex ib i l i t y  

of the bellows, the most precise control occurs a t  the lower temperatures. 

For a given 

Over the relatively low pressure range of the eensing gas 

and the temperature range from W O K  t o  1OoK, the helium gae ueed i n  the 

measuring device behaves as a perfect gas. Thus, 

pOvO p1 v1 
TO T1 
-I - 

assundng the  system volume remains constant. 

or P1 - Ce T1 T1 P1 = - 
TO 

*O 

*O 

where Ce = - 

(5) 

( 6 )  

Thus, the magnitude of the pressure changes i n  the seneing gas varies with 

temperature, depending on the i n i t i a l  charging conditions. It can be seen 

that i n  order t o  cause P large preseure variation with temperature, required 

for proper temperature control, a high charging preeeure and a low temperature 

are needed. 

The following is an example of typical valve operation using 

0 eol id  methane or eol id  hydrogen in the system. 

having a vent area diameter of 0.307 in. and a valve with a 1-in. d i a  eeat, 

Assuming a vent port tube 

Page 11 
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a fu l ly  open valve would have t o  move h inches, since 

A = n' D h. For A t o  equal 0.307 in., and (7) 

A typical bellows and spring combination would have a move- 

ment of 0.1 in. per lb ef pressure change. Such a device would have a 

maximum allowable pressure of about 40 psi. 

of 30 psi could be used. 

Therefore, a charging pressure 

The bellowe sensing chamber is charged with helium 

gae at the temperature where control is t o  be maintained f o r  a high Co value 

(Equation 6 ) .  With methane, this would give a Co value of 

Therefore, each degree of temperature change near 77 K causes a pressure 

variation of 0.39 psi. 

temperature change would be required t o  ful ly  open the valve. 

would not be particularly senait ive to the - 0.5'K temperature changes 

required at  77 K. A t  sol id  hydrogen (15'K) temperatures, however, Co would 

be 

pressure change. 

= 0.39. 77 
0 

AssumLng a bellows area of 1 sq. hi., a lOoK 

This valve 
4 

0 

= 2, t h w ,  a 1°K temperature change around 15'K would yield a 2-lb 15 
A valve i n  this region would have much greater sens i t iv i ty  

t o  temperature changes thereby providing be t te r  temperature control. 

2. Preesure Contactor 

To overcome the lo s s  of sens i t iv i ty  l imitation passed by the 

temperature-actuated pressure control concept at higher temperatures, an 

external control device may be employed. Such a device would consist of a 

pressure contactor, a relay, and a solenoid valve (Figure 9). The pressure 

contactor makee or breake electrical. contact in response t o  pressure changes. 

0 
Page 12 
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0 
Over a 0-to 20-Torr range, the precision of contacting is 0.1 Torr. 

contactor 

contactor, qpon sensing the pressure in the vent l i n e  (or inside the coolant 

container), opens or closes the  valve in the pumping l ine.  

temperatures (around 7'7°K with methane) this corresponds t o  a temperature 

The 

ac t iva tes  a relay which i n  turn energizes a solenoid valve, The 

For higher 

+ + 
control w e l l  within the required - 1 Torr tolerance required f o r  - 0 . 5 O K ,  

A t  the lower temperatures (15OK) even more precise temperature control is 

poseible . 
Another advantage of t h i s  sytem is the ease with which the 

pressure control ler  can be set for  pressures correspondihg t o  temperatures 

other than n o K .  This adjustment of the  valve is manual and external t o  

the cooling system. 

One drawback of the pressure contactor is that external 
0 

power is required fo r  operation of the relay and solenoid valve. However, 

by careful select ion of components, t h i s  power requirement may be kept 

a t  a minimum. 

3. Orif ice  Control 

A t h i rd  method of temperature control t ha t  is theoret ical ly  

feasible ,  especially a t  the lower temperatures, involves the o r i f i c e  principal. 

Assuming constant detector heat load, system heat load, and rate of evacuation 

of gas, an o r i f i c e  of a precise dimension along the  vent line w i l l  maintain 

a given preesure over the so l id  coolant indefini te ly .  The o r i f i c e  being in 

the  line of the  cooler, will restrict the gas flow. 

Page 13 
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The evacuation r a t e  of the sublimed gas is dependent on 

the pressure difference between the coolant container and the pumping system 

or evacuated spaoe. For practical purposes, the  preseure inside the coolant 

container w i l l  be much p e a t e r  than  the  pressure a t  the pumping system 

therefore, the pumping system pressure can be considered constant. Conse- 

quently, it is necessary t o  ant ic ipate  var ia t ions in the heat load. A 

constant cooling system heat load may be assumed since i t  w i l l  be a result 

of the construction methods employed and w i l l  be affected only s l igh t ly  by 

change6 i n  environmental or coolant temperatures within pract ical  limits 

(approximately - boa The detector heat load, however, may change by a 

factor  of two or more, depending on s h i f t s  i n  operational conditions with 

4 

time. 

t w o  t o  three would cause a temperature change of onlyabout 0,5OK, because of 

A t  the lower temperatures (eolid hydrogen), a variasion factor  of 

the large var ia t ion tha t  can be tolerated. 

( so l id  methane) var ia t ions i n  detector heat load w i l l  have a much greater 

A t  the  higher temperatures . 

ef fec t  on the coolant temperature. However, i f  the o r i f i c e  is manually 

var iable  (by aman8 of a valve for example) a constant temperature could be 

achieved by periodic monitoring and valve adjustment over short  periods of 

time when the detector heat load is constant. 

The advantage of thie system is its simplicity, since e i the r  

a fixed or variable o r i f i c e  can be employed and, once adJwted, no external 

power i e  required. The main disadvantage is tha t  under conditions of varying 

heat loads, a fixed o r i f i c e  device would result in temperature variations. 

Page 14 
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111. !SELECTION OF HATERIALS ANI) FABRICATION OF MODEL K6 COOLER . 
The properties of the various coolantst insulation materiale, and fabricat ion 

materiale as w e l l  ae evaluation of critical application techniques were closely 

correlated w i t h  the finding8 (Reference 1) of a previous intensive cryogenic study 

program. 

The theoret ical  studies,  calculations, and experiments described i n  previous 

sect ions o f t &  report  formed t h e  basis for the desiga of Cryogenic-Solid Cooler 

Model K6 ( f igure 10) for  use w i t h  so l id i f ied  methane. Each major assembly or 

component of the cooler is described i n  the following sectione. 

A .  COOLANT CONTAINER 

Figure 11 is a photograph showing t h e  coolant container with one of the 

two dome-shaped ends welded in place. 

made of 0.O4O-i.n. s t a in l e se  e t ee l  (300 Series) .  

cy l indr ica l  shape meamring 14 in. i n  length and 14 in. in diameter, and then welded. 

The cyl indrical  section of the container is 

This material was ro l led  i n t o  a 
0 

'he two dome-shaped ends w i l l  add an additional 2 in. each t o  the length of the 

coolant container. These ends are  made of ,004 -in. thick s t a in l e s s  s t e e l  (300 Ser ies ) .  

Th i s  material provides the best  strength-to-weight r a t i o  and lends i t s e l f  t o  attach- 

ments and seal ing by means of s o f t  and silver-soldering techniques. 

B. OUTER CONTAINER 

The outer container a l so  shown in Figure 11 serves as a vacuum jacket 

It is made of ro l led  0.1875-in: thick aluminum for around the  coolant container. 

Re ferenco (1 1 8 Inveatigation of Cryogenic-Solid Cooling Teabniques 
Aerojet Report No. 2127( February 1962. 

ASD-TDR-62-195 
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i 111. Selection of Haterials and Fabrication 
of Model K6 Cooler, B (cont.) 

Report No. 2948 

m a x i m u m  strength at  the minimum weight ,  

container, a sheet of the selected material ua8 rol led in to  a cylinder 16-3/8-in. 

in diameter and 19 in. high, and welded t o  serve as the outer container. The end 

cape, also made of the same stock, were then formed in to  dome-shaped discs  t o  

withstand the atmospheric pressure. 

As i n  the fabrication of the coolant 

The upper end-cap hae provisions for mounting devices for evacuating 

the vacuum jacket, filling with coolant, venting, and for  securing a pressure r e l i e f  

valve. 

configuration. 

on the end-oape are made of aluminum and are a l so  welded in place. 

Ihe bottom end-cap ha6 one large opening t o  accommodate the detector 

Both end-caps a re  welded t o  the cylinder. Flanges and connections 

C. HEAT TRANSFER ROD AND DETECMR HOLDER 

0 The heat transfer rod conduct8 heat from the deiector t o  be cooled 

t o  the coolant i n  the container. 

device whioh consists of a 1/2-inO diameter copper rod 20 in. long. 

f inger end of t h i s  rod protrudes 2 in.  through the end-cap, thereby making accessible 

the mechanism for positioning the detector. 

Figure 10 shows the location of the heat t ransfer  

The cold- 

The opposite end of the rod is attached 

t o  a spring, which ie  anchored t o  the closed end of the container. This is done 

t o  compensate for thermal expansion. The cold finger contains a small chamber for 

the  helium gas, used t o  monitor the temperature of the cold finger through the 

gas thermometer system. 

the  ooolant container and the spring. 

Ihe rod is silver-eoldered a t  a l l  points of contact with 

D. SUPPORTS FOR COOLANT CONTAINER 

The coolant container is supported within the outer container by lines 

made of untreated Decron webbing having a W l b .  tensile strength. These are 
0 
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111. Selection of Haterials and Fabrication 0 of Hodel K6 Cooler, D (cant,) 
Report No. 3 4 8  

attached t o  the coolant container wall j u s t  below the end-cap welds (see Figure 12). 

Small s t a in l e s s  steel l o o p  are placed 120 degrees apart around the circumference 

of the coolant container a t  each end t o  provide geometrically balanced suspension. 

A t  each point, two Dacron lines are taken gxia l ly  and two rad ia l ly  from the 100p6 

t o  pulleys. 

The rad ia l  lines go through pulleys on the w a l l  of the outer container. 

are then brought out in such a manner as t o  permit them t o  be tightened an& fastened. 

This  technique r e su l t s  in proper and r ig id  positioning of the coolant container. 

The axial l ine9 go through pulleys in the end-caps of the outer container. 

The l i nea  

With three anchor points a t  each end of the coolant container, the load 

is evenly dis t r ibuted over a t o t a l  of 24 Dacron l ines .  

E. FILL AND VENT PORTS 

0 A port ,  Figure 13, is provided for f i l l i n g  the coolant container wi th  

the  l iqu id  helium. It may a l so  be used t o  monitor the system pressure i f  desired. 

When not i n  actual  nee, this port should be sealed t o  prevent gae leakage i n t o  the 

system. 

s t a i n l e e s  s t e e l  tubing having a 0.006-in. thick w a l l .  

coolant container and brought out i n  a long curved path t o  add thermal res i s tance  

t o  the outer container. 

jacket for greater  thermal efficiency. 

The f i l l  port consis ts  of a 4-ft.  length (approximately) of 0.250-in. O.D. 

It is silver-soldered t o  the 

It passes through the w a l l  of the outer container v ia  a 

A separate vent port is provided for pumping over the l iqu id  t o  bring 

about so l id i f ica t ion  of the l iqu id  gae. 

O.D. etainless s t e e l  having a 0.010-in. thick w a l l .  Ae w i t h  the f i l l  port ,  the vent 

por t  tubing describes a long curve in going from the coolant container t o  the outer 

This k f t .  length of tubing is made of 3/4-in. 
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.III. Selection of Xaterials and Fabrication 
of Wade1 K6 Cooler, E (cont.) ,. Report No. 2948 

container. The vent port  is eilver-soldered a t  the point of entry i n t o  the coolant 

container, wherein it is attached t o  the pressure control valve (see Figures 8, 10 

and 13Im 

F. PRESSURE CONTROL VALVE 

The pressure control valve, Figure 8, whose operation w a s  described 

i n  Section I I C ,  is made of s t a in l e s s  s t e e l  parte and employs a bras8 bellows. It 

is actuated by pressure changes in the helium gas contained i n  the cold finger 

chamber. Tu0 0.042-in. O.D. x 0.006-in. thick w a l l  stainless s t e e l  tubes a r e  

attached t o  t h i s  device for  purging and f i l l i n g  the helium gas system and for  

transmitt ing pressure changee from the cold finger t o  the bellows w i t h i n  the  

preeeure control valve. 

0.  INSULATION 0 
Although the coolant container is surrounded by a vacuum, heat w i l l  be 

t ransferred t o  it by radiation. 

layers  of insulat ion a r e  wrapped around the coolant container (Figure 14). 

In order t o  minimize the e f f ec t s  of such radiat ion,  

This 

insulat ion consis ts  of re f lec t ive  shields of aluminized Mylar (Figure 15) eeparated 

by a c lo th  inmlator-spacer. are 90 layers  of shielding and spacers for  

every 318-in. of insulation thicknese. This insulation is located i n  the evacuated 

areas separating the coolant and outer containere. 

t he  inrrulation (Figure 10) are brought out through a few layers  a t  any one location, 

thereby giving the component additional radiat ion shielding. 

A l l  tubes and wires which penetrate 

The Dacron lines, of necessity, penetrate the insulation d i rec t ly ;  

however, these do not contribute appreciably t o  e i ther  the conducted or  radiated heat  

arriving at  the coolant container. a 
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IV. RESULTS OF TEST ON UNMODIFIED COOLER 

The operational l i f e  of t h e  system was 
coolant container was i n s t a l l ed  in  the outer 

space between the c o n t a b r s  was evacuated. 

Report No. 2948 

determined a f t e r  t he  insulated 

container and the insulated 

The completed cooler assembly 

is shwn i n  Figure 1. 
was subsequently so l id i f i ed  in preparation f o r  the gas flow-rate t es t  which 

would serve a s  the basis  far calculating the  r e su l t s  of the operational l ife.  

The cooler was charged with 40 l b  of methane which 

A; GAS FLW-RATE TEST 

The purpose of t h i s  test W ~ E  t o  determine t h e  r a t e  a t  which the  

coolant would sublime as a result of the system heat load m i n u s  t he  detector 
heat  load. The following data was recorded during t he  six-day test: 

AvRate of Gas-Flw/Day 
Date - 
2-2-65 
2-3-65 
2 4 - 6 5  
2 - 5 4  
24-65 
2-7-65 
243-65 

Total * 
Average fur seven days 

B e  HEAT LOAD OF OPERATING SYSTEM 

0.0036 
0.0021. 

0.0024 

0.0046 
0.0025 
0.0028 
0.0029 
0.0209 

= 0.00299 f’t3/min 

I n  order t o  determine t h e  heat load 

Q -  
1 w a t t  

1 w a t t  = lk.34 ca1,’mi.n. 

l b  methane = 24.04 f t3  gas. 

1 l b  methane = 61,644 cal.  
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IV. Results of Test on Tlnmodified Cooler, 
B (cont.) 

R e D a r t  No. 29b8 

Sublimation r a t e  of 1 f t  3 methane/min - 256h cal/min, 

theref ore : 

2564 (0.00299) = b131 

C. . ANTICIPATED aPEXATIONAL LIFE OF COOLEX 

The operational life of the cooler was calculated as 

therefare 

T -  wc Hs 

where: 

T = operating time i n  mo. 

Wc = 

H, - 
Q = heat load, 0.535 watt. 

coolant f i l l  i n  lb. 

heat of sublimation i n  cal/lb. 

K = a constant, 6.28 x 1 d . 

. 

D e  SYSTEM TEMPERATURE 

The temperature of the system a t  the cold finger was recorded 
wi th  and KLthout the detector load with t h e  following results: 

1. Without the  detector load - 
Pressure over sol idif ied methane: 2.2 T a r r  

Temperature: 77.3OK 

2,  With deteotor load (0.1 watt) - 
Pressure over so l id i f ied  nethane: 

Temperature : 79.hoK 
2.1 Tor r  
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IV. Results of Test on Unmodified Cooler, 
D (cont.) 

Report No. 29h8 

The results of t h i s  test i l l u s t r a t ed  the basic  performance charac te r i s t ics  

of the cryogenic-solid cooler, 

l a t e d  time, however, t h i s  is  a t t r ibu ted  t o  the  conservative heat  load values 

used i n  the  calculations,  par t icular ly  w i t h  respect  t o  insulation. 

heat  load was approximately a f a c t a r  of two greater  than wedicted. 

desired temperatures, however, were achieved. 

modified t o  enable operation anduse  with h t n r m e n t s  requiring an inf ra red  

detector. 

The operational l i fe  fe l l  short  of the  calcu- 

The actual  

The 
The u n i t  was subsequent- 

V. MODIF'ICATION OF COOLW 

A. IMMOBILIWTION OF PRESSURE CONPROL VALVE 

Improper operation of the in te rna l  temperature-control valve, 

caused by blockage of the  small diameter cap i l l a ry  l ine  a t  cryogenia tempera- 

tures, made it necessary t o  immobilize the  valve. The valve was reopened a t  

ambient temperature by external pressurization. This enabled t h e  evacuation 

of the  valve bellows, capi l la ry  lines, and temperature sensing bulb f o l l m d  

by t he  in jec t ion  of a f i l ler  under pressure. The f i l l& meterial was Cerrolaw 
17 alloy selected fo r  i ts  lar  viscosi ty  i n  t h e  l i qu id  state and l o w  fusion 
temperature. 

immobilized i n  the open position, 

Capillary tube ends were capped. 

A f t e r  cooling, tests showed t h a t  t h e  valve had been successfully 
To ensure l a s t i n g  irmnobilization, t he  

B o  IlETEXTOR MOUNTING ASSEMBLY 

A flexible cold-finger detector a s s e a y  was desi-d and fabr i -  

cated for use w i t h  the  cooler. 

stub on the  coolant container was removed and the  f l ex ib l e  cold-finger deteator 

assembly (without t h e  deteatur)  was attached, The flexible cold finger, en- 

cased with t h e  same supeminsulation mterial  as the remainder of the  cooler, 

was supported and centered i n  i ts  frame w i t h  0.010-in. dia. s ta in leas  steel 
wires. A t  t he  same time t h a t  the detector assembly was attached t o  the cooler, 

a getter (Linds h Moleaular Sieve) was placed under the  irrrnlation t o  help 

maintain vacuum, 

The insulat ion pad covering the  cold-finger 
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V. Modification of Cooler, c (cant.) -Repart No. 29L8 

C. PRESSVRE RELIEF SAFETY VALVE 

A burst-type pressure relief valve is provided with the unit. 
This valve w i l l  open in  the  event t h a t  the pressure I n  t h e  vacuum jacket 

exceeds 15 pi, thereby, preventing damage t o  the coolant container. 

I). PtRTABIE HANDLING DEVICE 

A c a r t  was fabricated t o  f a d l i t a t e  handling the s y s t e m  (Figure 2). 
This c a r t  permits the cooler t o  be moved and posltioned i n  any a t t i tude ,  

VI, RBF(RM4NCE BY IWDKl3D COOLER 

SUbaequent t o  the  cooler modifications described i n  the  previous section, 

t h e  system was charged with 25 l b  of l i qu id  nitrogen, which is a volume equi- 

valent of lh.1 liters, 
de temimd t o  be 0.00686 ft3/mIn with a system heat load which included the 

The gas flow-rate of the s p s t e m  was then measured and 

flexible detector holder and 0.1 watt simulated detector, 

average flow-rate value recmded over the 1s-hr. and 13-min. test duration was 

used i n  calculat ing the  operating heat  load and l ife,  
measurements, the charged cooler was allowed 74 hr. t o  a k a i n  thermal equi l l i -  

briuul. 

The 0.00686 ft’/min. 

Pr ior  t o  the flow-rate 

The following is a snmtlplry of the  character is t ics  of the modified K6 
cooler. (Reference Section 4.5.& tes t  data of JPL -0. No. OW-15060-EN-A). 

1. 
2. Temperature 

Time t o  reach thermal equilibrium 

a. A t  detector mount (ab) 

24 h r  

80 t o  85.8OK 

b. In coolant chamber (CHb) 68% 

(See Section V I C  for other coolants) 

3. 

Ire 

5. Calculated operational l i f e  (ab) 5.28 mo. 

Temp and Temp Stab i l i t y  of t h e  Infrared detecting 
device simulator (a$) - 8045.8°~0.s0K 

Rate of Weight ~ O S S  of the s o l i d  Coolant O.Ol5 lb/hr 
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VI. Performance by Modified Cooler (cont.) 

6. Projected coolant l i f e  with: 

LN2 (77OK) 

. S% 6.SoK 

SCO SO'K 

7. Pumping Interval 

Reptrt No. 29L8 

See Section V I C  

Continuaus pmnptng t o  maintain 
a solid. 

8, h x  time interval permissible 
between pumpdawn times 
(1- t i on  Area) 

9. Extrapolation of heat loads fur  varians 
envixonnrental temperatures 

10, Effects of various ambient tempematurea 
on the system life 

Every 6 mo. 

35O0K - 0,921 watts 

350% - b,27 mo. 
250% - 6.55 mo, 

250% - 0.600 watts 

A. OPERATIONAL HEAT LOAD 

In determirrlng the heat load as 

1 lb,% - 13.8 ft' of gas a t  NTP 

1 lb.% = 21,500 cal  

* 
Normml temperature end pressure 



" 0 
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VI. Performance by Nodified Cooler, B (cont.) Report No. 29h6 

The operational 1Ife of the  cooler charged w i t h  Solid Methane 
was determined a8 

there: 
Wc = 4016 - 61,700 c a l h b  ** 
B = 619,000 cal/uatf PO. 

Q - .745 wa t t8  

5.28 month 

C* TEMPBUTUREMEASUREMENTS' 

Rso nickel resistance thermometers and one Eopper corntantan 
thermocouple were attached t o  the screw-on t i p  of the detector assenbly far 
monltaring the temperature . 

The two nickel resistance thermometers, Arthur C. Ruge Associates, 
Inc. part No. BN-200, were epoxied t o  the  detector holder. . 

The cal ibrat ion chart fm a BN-200 nickel resistance thermometer 
is shown i n  f igure 16. 
Wheatstone Bridge a t  l iquid nitrogen temperature (77.koK), l iqu id  argon 
temperature (83,7°K), and Freon lh (lbs°K). 
were found t o  be 21,7 and 22.6 ohm, respectively, a t  l iquid nitrogen tempera- 
ture * 

This represents r e s i s t ame  measurement's made with a 

The two resistance thermometers 

With l iqu id  nitrogen i n  the cooler, the resistance thermometers 
Ram Figure 16, temperatures of 

Thls gima temperature 
measured 28.3 and 29.0 ohm, respectively. 
69.4 and 90.SoK, respeotively, a r e  detennlmd. 

gradients across t&~ detector assembly of: 
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VI. Performance by Modified Cooler, C (cont.) Repart No. 29h8 

89.4 - 77.4 12OK 

90.5 - 77.4 1 3 0 1 O K  

The copper-constantan thermocouple's emf was 0.282 mv. referenced 
against l iquid nitrogen; 
15.8% 

This is equivalent t o  a temperature gradient of 

It is not expected t h a t  the anticipated imrease i n  the AT'of 
9.4%, of so l id  methene 8 68% when compared t o  Liqnld I$ (77.4%) will add 
t o  the heat load, 

The heat t ransfer  modes present i n  Aerojet superinsulation a r e  
conduction, which varies l h a r l y  as the temperature, arrd radiation which 
varies as the  fourth power. 
ductivFty of superinsulation decreases as the cold boundary temperature is 
lwered. 
lowering of the cold boundary temperature. 

It has been noted t h a t  the apparent thermal con- 

It was determimd tha t  the heat leakage may even decrease w i t h  the 

Assum- a heat leak of 0.745 w a t t s  and an expected l i f e  of 5.28 
month, based on the t e a t  resul ts ,  t he  expected life and coolant temperature 
for other l iqu id  and so l id  coolants is given by: 

i n  which Tv 

coolant i n  months, 

is the operating time i n  months for the  new l lquid or so l id  
1 

P is the density of the new l iquid or sol id  coolant i n  gma/cm3, 

b the heat of vaporization or a u b l h t i o n  of the new l iqu id  
I+ 

or Solid coolant i n  cal/gm. 



r 

VI. Performance by Modified Cooler, C (cant,) 

Coolant 

We 

IH2 

L% 

LN0 

LCO 
u' 

9 

=2 

?? 

LCH 

SNe 

SCO 

SA 

fVIS - 
0.125 
o.on 
1.21 
0.808 

0.803 

1.4 
l.l.4 
0.U5 
0,0808 

1.U3 
1.02 

1.02 

1 654 

HVlS - 
4.90 
107 

20*7 
lr7.6 

5.1 
39.1 
S0,8 

122 
120.9 

24.7 
53.7 

58.0 
45.8 

Report No. 2948 

*VIS - 
0 . 0456 
0.566 

1.87 
2.87 

3.06 
4.07 
4.32 

3.77 
0.728 

2.66 
4.06 

4.ho 
5.65 

Temperature, OK 

4.2 
20.4 

27.2 
77.0 

81.6 

87.4 
90.1 

111.7 
10 

16 
47 

51 
67 . 

In  moat cases, the 4S-lb stress l i m i t  of the K6 aoolant container 
suspension system w i l l  not alluw full capacity far the above al ternate  coolants. 
I n  addition, t h e  temperature gradients acrces the detector assembly a m s t  be 
added t o  the above temperatures. 

VII. CONCLIJSIOIS AND RECOM"DATI0E 

A. CONCLUSIOE 

The val id i ty  of the  basic cryogenic-solid cooling system design I 
Although the estimated heat laads proved t o  be con- has been demorrstrated. 

servative result ing i n  a shwter operating l ife (5.28 mo.) than desired, 
the temperature measured a t  the detector m o u n t  was lower than anticipated. 
The resultant expected life is within the  limits st ipulated i n  the specifi-  
cations 

The performance with methane Inatead of the nitrogen w e d  i n  the  
t e a t  w i l l  fulfill all requirenmnts. 
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The a d d i t i o n  of tt-...- Î :ax:k:e 5e tec tor  h o i d e r  a s s e ~ b l y  inc reased  

%e A T  between t h e  coolan t  t h e  h e a t  i c e d  from 9.535 v a t t s  :- 3.7Qq watts- 
a n d  c a l d  f i q e r  ezd was  d e t e r n l - e c  :e  r a n e e  between 1 2  a n d  i5.""'. 

Far t h i s  tgs t ,  l i a u i 6  n i t r q y ?  h a v i n g  a n o m a 1  bGi l ing  D O i R t  of 

77.k°K was used, however, t h e  c c o l e r  b-ill e c t n a l l y  use  s o l i d i f i e d  methang a t  

a p p r o x i m t e l y  68%. A S  a r e s d t ,  thP emec+,ed t m r e r a t u r e  be 6 8 O K  D ~ U S  

between 1 2  t o  15.8OK r e s u l t i n g  i n  a tc ' , a l  t en re ra t i r e  of between RG end !75.6°K. 

The following a r e a s  should be  i n v e s t i g a t e d  f u r t h e r  for methods of 

i n c r e a s i n g  the ope ra t ing  l i f e  of t h e  s o l i d  cooler :  

1. ?Enimizatior! of h e a t  i n  leakage by; 

a, IJse of a d d i t i o n a l  Tns lde t ion  

b. Ivroving - insulat ing techniques  

C .  Achieving g r e a t e r  coolan t  c a p a c i t y  f o r  t h e  game system 
weight  by opt imiza t ion  of system design,  i .e. , elimi- 
n a t i o n  of o u t e r  cas ing  i n  space'environment 

2. Recovery of r e f r i g e r a t i o n  i n  vented vapor t o  e s t a b l - b h  mere 
d e s i r a b l e  grad ien t  i n  i n s i d a t i o n .  

3.  Passive a n d  sh i e ld ing  techniques t a i l o r e d  t o  sDecFfic rnissioE 
requirements .  

Methods of i m p o v t n g  t h e  s o l i a  c o o l e r  i n  t h e  above end. o thgr  a r e a s  

a r e  expec ted  t o  resu t  from t h e  study phase of  t h i s  F o g r a m  t h s t  i s  c w r e n t l y  

i n  progress, 
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HEAT LEAK T E S T  S E T  UP OF CRYOGENIC-SOLID 

COOLER M O D E L  K 6  

A3813:65-1234 

Figure 1 
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I A. COOLANT CONTAlNER AND END CAP 

B. OUTER CONTAINER WITH TOP AND BOTTOM END CAPS, 
FROM LEFT TO RIGHT 

COOLANT A N D  OUTER CONTAINER A S S E M B L I E S  
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Figure 11 
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APPENDIX A 

INSTRUCTIONS R l R  OPERATING CRYOGENIC-SOLID COOLER MODEL K6 

The following procedure w i l l  enable the safe and e f f i c i en t  preparation 
of the cooler for  ground operation. 

I. MOUNTING COMPONENTS ON COLD FINGER 

Mount the IR detector or other component to  be cooled on the cold 
finger as follows: 

A. Break the vacuum, i f  present, with dry nitrogen (preferably from 
vaporized l iqu id  nitrogen to  prevent contamination) . 

B. Remove cover p la te  and housing w h i l e  dry nitrogen purge ie 
maintained,through ineulated apace between the coolant container and 
the outer cpntpi.ney,c , I ,  L 

,. C. Remove insulat ion pod from cold finger end of cooler. 

De Unscrew end of cold finger rod by turning counter-clockwise. 

E. Solder component t o  end of cold finger and re inser t  cold finger 
rod i n t o  threaded socket. 'Do not apply excessive torque, otherwise, it could 
result i n  the stainless s t e e l  detector mount supports being sheared off .  

F. Reinsulate the rod and detector using Aerojet-General super- e 

insulat ion or its equivalent. 
radiat ion upon the cold finger end and the detector. 
exercised i n  applying the super-insulation a t  this point t o  avoid unnecessarily 
high heat losses. 

Care must be exercised t o  minimize extraneous 
Extra care must be 

G. Connect e l ec t r i ca l  component leads to  spare terminals of hermetically 
sealed feedthrough mounted on housing. 

H. Replace housing and new cover p la te  making cer ta in  that O-ring 
is i n  u a b l e  condition, as well a~ clean. 
vacuum mease, 

Coat O-ring with good qual i ty  

A l&-in. dia, hole wae dr i l l ed  1/2 in.  from the expoeed end of the  
cold finger. 
and serve13 (LB a receptacle fo r  a small temperature-monitoring thermocouple 
used during testing. 

It goes from the outer diameter of the rod t o  the  inner thread 

The thermocouple is secured in plaue by meam of  a 0 
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short  1/4 - 28 set screw. 
(male) portion of the component t o  be cooled so t ha t  the back surface of the 
component can make physical contact with the f la t  surface a t  the front  of the 
cold finger. This contact is necessary t o  assure optimum thermal continuity 
between the component and cooler. 

This s e t  screw mu& not in te r fe re  with the threaded 

11, EVACUATION OF INSULATION SPACE BE!" INIVER AND OUTER CONTAINERS 

The space between the coolant and outer container should be evacuated 
88 followe fo r  maximum thermal isolation: 

A. Attach the container t o  a high-vacuum pumping s t a t ion  with the  
Richards seal-off valve handle provided. 

B. The Richards valve should still be closed. Rough out ( t o  
approximately 0.01 Torr) a l l  accessory lines. 

C. Pueh the Richards valve in t o  mate with the valve seat f i t t i ng .  
Open the valve by rotat ing the handle counter-clockwise. 
container t o  approximately 0.01 Torr. 

Rough out the  

NOTE: It is recommended tha t  a cold t r a p  be ins ta l led  i n  the roughing 
l i n e  t o  increase great ly  the r a t e  at which water vapor is removed f r o m  the 
insulat ing materials. It w i l l  also prevent the  o i l  from becking up and 0 coming in contact with the insulation around the container. 

D. When roughing is completed, switch the f ine  pumping system 
in to  the lin_e4 Continue pumping un t i l  a s tab le  absolute-pressure of at 
l e a s t  1 x 10 Torr has been achieved with the  Richards valve closed. While 
lower pressures are desirable, the pressure reached w i l l  depend upon the 
pumping speed and the ultimate pressure of the system used. 

When the  evacuation has been completed, close the Richards valve by 
turning the handle clockwise as far as possible, 
be removed, although leaving i t  i n  place w i l l  not a f fec t  system operation. 

The handle assembly may then 

N m :  During the pumpdom procedure, i t  is desirable t o  have a vacuum 
A Phi l l ips  Gauge Type PHG-09 w a s  found gauge in s t a l l ed  i n  the cooler jacket. 

t o  be suf f ic ien t ly  accurate for  the intended purpose and is readi ly  adaptable. 
Tests have shown tha t  large pressure gradients, f ive  orders of magnitude or more, 
may exist across the Richards seal-off valve during ini t ia l  pumpdown and out- 
gassing. Heaeurementa on the  downstream s ide  of this valve are not coneidered 
t o  be re l iab le ,  

If the  pumpdown ie  performed too slowly or if the desired low pressure 
cannot be reached, any one of the  following are the met l i k e l y  contributing 
factore:  
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1, Contamination of the superinsulation and ge t t e r  (water 
vapor, oil, etc.); 

2, High impedance of the pumping l i ne ;  

3. Capacity of pumping system too low; or, 

4. Possible vacuum leaks i n  cooler. 

I f  contamination is indicated, the superinsulation can be "baked 
out" a8 w i l l  be discussed later,  t o  increase the r a t e  at which contaminants 
can be removed. Leak checking, when indicated, should be done with a helium 
maes spectrometer leak detector,  if possible. 

CAUTION: Dry nitrogen should be used whenever it becomes 
necessary t o  raise the jacket pressure t o  the leve l  of 
the atmosphere. Ambient air  should never be used, as t h e  
superinsulation and get ter  may absorb large amounts of water 
vapor. 
the cooler should not be l e f t  open any longer than is absolutely 
necessary 

When a test device is being in s t a l l ed  bn the cold finger,  

The preseure i n  the jacket must never be raised t o  the 
leve l  of the atmosphere when the inner container is evacuated 
(even par t ia l ly) .  The coolant container is designed t o  with- 
stand in te rna l  pressure, therefore, reversal  of this ei tuat ion 
may reeult in distor t ion or collapse of the coolant container. 
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111. BAKE-OUT OF SPACE BETWEEN COOLANT AND OUTER CONTAINERS 

I f  the pumpdown of the vacuum jacket is proceeding too slowly, it may 
be deeirable t o  raise the temperature of a l l  the components t o  increaee the 
rate of outgassing. A step-by-step procedure for this bake-out i a  outl ined 
below: 

A. Evacuate Vacuum Jacket 

C. Heat Outer Container Carefully Using Heat Gun or 
Heater Tapes 

During t e s t s  a t  the Aerojet laboratory, hot gas for  the coolant 
container w a s  produced by passing dry N 
exchanger. 
with a Variac and the  flow of dry gas controlled by mean6 of a th ro t t l i ng  
valve and pressure regulator. 

gas through an e l ec t r i ca l  heat 
The current t o  the heating hements w a s  controlled manually 

IV.  PRECOOLING OF COOLANT CONTAINER PRIOR TO F'ILLING 

CAUTION: When using any cryogenic f lu id ,  safety precautions should 
be exercised t o  prevent it from coming into contact with e i ther  the skin 
or clothing. 
causing eevere injuriee similar t o  burns. 
be f i l l e d  with methane or hydrogen, i t  should be precooled with l iqu id  
nitrogen, 
the container and allowing it to boil off .  
f a c i l i t a t e  subsequent f i l l i ng .  
during f i l l i n g  and w h i l e  the  f i l l e d  container is at ta ining temperature 
equilibrium. 
syetem with helium gas. 

The extremely cold fluid will freeze and destroy human t i s sue  
0 

I f  the coolant container is t o  
. 

This is accomplished by transferring several  liters of LN2 i n to  
This precooling operation w i l l  

Liquid lossee wi l l  thereby be reduced 

If hydrogen i e  to  be used, a l l  nitrogen must be purged from 

V. FILLING COOLE3 WITH LIQUID METHANE 

A. 

B. 

Be cer tain that the vacuum jacket is properly evacuated. 

Hake a re l i ab le  coupling from the cyrogenic storage container 
t o  the l/b-m. dia. f i l l  line. 

Begin t ransferr ing the l iquid.  
is paeeing freely from vent l ine.  
crtop f i l l ing and check for  blockage in the f i l l  and vent l ines .  

C. Check t o  make cer tain tha t  gas 
I f  no gae iesues from vent l i n e ,  
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D. When cooler is f u l l ,  l iquid will appear a t  the exposed end 
of the vent l ine.  Disconnect the l iqu id  t ransfer  line and 
close the fill line. 

I f  it is advisable t o  f i l l  the container only par t ia l ly .  
be done by monitoring the weight of the  cooler during f i l l i n g  and discontinuing 
the f i l l i n g  operation when the desired coolant weight has been reached. 
the gaa evolution u n t i l  temperature equilibrium has been attained. 
equilibrium i s  coneidered as being attained when the gaa evolution rate remain8 
constant f o r  12 hrs. A t  that time, the cryogenic container may be "topped off" 
i f  desired. 
Pumping over the  l iqu id  coolant for  the purpose of sol idifying it may now be 
in i t ia ted .  

This may 

Monitor 
The state of 

The gaa evolution r a t e  w i l l  increase again, but not significantly.  

NOTE: Any vessel containing a cryogenic l iquid met be allowed t o  vent 
I f  the f i l l  and vent lines a r e  blocked, the pressure w i l l  build a t  a l l  times. 

up and may ultimately cause the vessel t o  rupture. 

VI.  OPERATING THE COOLER CHARGED WITH LIQUID COOLANT ' 

This cooler aray be operated with e i ther  l iquid or so l id  coolant. 
When l iqu id  is used, any temperature between the normal. boiling point and the 
freezing point may be at ta ined by controlling the pressure.over the l iquid.  
Attempts should not be made t o  achieve temperatures higher than the normal 
boiling point by pressurizing the coolant container. 

0 
When f i l l e d  with l iquid coolant the vessel ahould be maintained i n  the  

upright posit ion (cold finger down) otherwise the f i l l  and vent l i n e s  w i l l  be 
submerged i n  the coolant which w i l l  be forced out as the pressure rises. 

The vacuum i n  the insulation space should never be released when the 
temperature of the coolant container is being reduced t o  cryogenic levels .  
An excessive heat leak in to  t h e  inner container would r e su l t  causing rapid 
pressure rise and discharge, possibly damaging the coolant container and 
associated equipment. It may also cause condensing of the gas i n  the insula- 
t ion space which may damage t h e  insulation. 

VI1 . SOLIDIFICATION OF COOLANT 

Solidifying a cryogenic l iquid in t h i s  cooler entai l6  simply lowering 
the  pressure over the l iquid,  thereby bringing i t t o  a gentle boi l .  In doing 
so, the  l iqu id  gives up heat un t i l  a new equilibrium between temperature and 
vapor pressure is reached. Thus, the  lower the pressure over the l iquid,  the  
lower the temperature w i l l  be. 
continuoue down to, and past, the freezing point. 

For most cryogenic l iquids ,  this process iS 

Page A=5 



Report No. 2948 

Any vacuum pump capable of reasonably high pumping speeds may be used 
i n  the so l id i f ica t ion  process. 
gases (notably hydrogen and methane) may cause undue heating i n  the vacuum 
pump at high flow rates. 
efficiency due t o  the increase in vapor pressure of the oil, coupled with a 
lowered viscosity. 
moderate with methane, and minor with nitrogen. 

A water-cooled pump is recommended, as cer ta in  

Heating w i i l  cause considerable loss of pumping 

The heating problem is of major significance with hydrogen, 

The pumping l ine should be attached to  the $-in. 0.1). Vent port of the  
cooler. 
attached t o  the f i l l  l i n e  for  monitoring o r  controll ing the pumpdown rate. 
The pump and the pumping l i nes  should both have a reasonably high flow rate 
capacity 

Absolute pressure gauges and/or other accessory equipment may be 

Sol idif icat ion should be performed a t  a moderate speed. I f  the 
so l id i f ica t ion  rate is too f a s t ,  the  l iquid has a tendency t o  tlbumptt forming 
a very porous sol id .  
and temperature w i l l  drop continuously t o  a cer ta in  value, remaining rela- 
t ively constant for a time, then continuing t o  drop. The period of re la t ive ly  
constant pressure and temperature indicates sol idif icat ion.  It is at t h i s  
p i n t  tha t  the rate of pumping should be moderated t o  achieve aa dense a 
material as possible. 

During the pumpdown, it w i l l  be noted tha t  the pressure 

V I I I .  OPERATION WITH A SOLIDIFIED COOLANT 

This cooler may be operated i n  any position a f t e r  the coolant has 
been so l id i f ied .  
t o  the preseure inside the coolant container, with l i t t l e  dependence on the  
a t t i t ude  of the container. 

The temperature of the  cold finger w i l l  be d i rec t ly  related 

It is desirable, however, t o  prevent the cooler from undergoing 
sudden changes i n  a t t i tude .  
maes, part of which may be i n  direct  contact with the heat t ransfer  rod, a 
sudden change i n  a t t i t ude  might produce in te rna l  shock accompanying temperature 
changes. 

Since the coolant is now formed in to  a so l id  

When using e i the r  methane o r  nitrogen as a coolant, the pressure (and 
thus the temperature) may be easily controlled a t  any desired absolute value 
by in s t a l l i ng  a Wallace-Tiernan pressure contactor on the f i l l  l i n e  and a 
solenoid valve i n  the  exhaust (pumping) l i n z .  
it w a 8  easy t o  maintain temperature w i t h i n  - 0.5'K, using this type of control 
sye t  em. 

Teste a t  AeroJet proved that 

This conclude6 the operating instruct ions ae applicable t o  Aerojet 
Hodel K6 cryogenic-solid cooler. 
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